We have isolated high density lipoproteins (HDL) from human serum by a new strategy, selected-affinity immunosorption, avoiding perturbation from ultracentrifugation or polyanion precipitation. The principle of this strategy is to utilize a subpopulation of monospecific antibodies directed against apolipoprotein A-I (apo A-I), which was preselected for dissociation under mild conditions of elution. Particles conltamining more than 90% of the apo A-I contained in serum were isolated uncontaminated by any other serum proteins. The immnunoaffinity columns have been cycled over 300 times without apparent diminution in capacity. The apo A-I-containing particles sequestered from serum by immunosorption were more polydisperse in diameter and contained more protein than in ultracentrifugally isolated HDL. They also contained minor apolipoproteins that were not observed in ultracentrifuged HDL. Furthermore, the apo A-I-containing particles had different electrpphoretic mobilities from those of ultracentrifugally isolated HDL when run under nondenaturing conditions in polyacrylamide gels. The apo A-I-containing particles isolated by our procedure separate into discrete bands similar to the subspecies visualized when whole serum is subjected to electrophoresis, whereas ultracentrifuged HDL migrate as two broad featureless zones. This suggests that selected affinity immunosorption does not subject the lipoproteins to structural disruption like that which occurs during ultracentrifugation. The principle of selected-affinity immunosorption should be of widespread utility in the isolation of fragile biological complexes.
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The isolation of high density lipoproteins (HDL), noncovalent complexes of lipid and protein, without disruption of their natural structure, has been a technically difficult problem. The classical method of isolation of HDL, sequential ultracentrifugation, causes significant losses of apoproteins from isolated HDL (1) (2) (3) (4) (5) . The preparation of HDL by precipitation also causes a loss of apoproteins (6) . Isolation of HDL by HPLC (7, 8) or exclusion chromatography (9) requires preliminary ultracentrifugation of HDL. Most chromatographic methods for isolating HDL recover only a portion of total HDL or may coelute contaminating proteins (10) (11) (12) (13) .
Immunoaffinity chromatography, recognized for its specificity, can be used to isolate a single component from a heterogeneous mixture. A major problem in using this technique for the isolation of a noncovalently bound complex such as HDL is that the harsh elution conditions usually used to dissociate the ligand from the antibody (14) would also disrupt the complex. Immunoaffinity has been used in the study of lipoproteins (15, 16) ; however, direct isolation of intact HDL has not been reported.
We have developed a modified technique of immunoaffinity chromatography, which we term selected-affinity immunosorption, for the isolation of intact lipoproteins containing the major apoprotein in HDL, apolipoprotein A-I (apo A-I). The key to our technique is the preselection of a subpopulation of monospecific antibodies directed against apo A-I, which dissociates from apo A-I under gentle elution conditions. The selected-affinity antibodies are bound to cyanogen bromide-activated Sepharose beads and packed into a column through which whole human serum is passed.
Greater than 90% of the immunosorbed apo A-I containing particles are recovered within 2 hr of application. We detect no contamination of the preparations by other serum proteins.
MATERIALS AND METHODS
Production and Operation of the Anti-apo A-I Column. To produce the anti-apo A-I column, preselected monospecific antibodies directed against apo A-I were isolated and crosslinked to Sepharose beads as follows. To isolate apo A-I-containing particles, fresh human serum (0.3 ml for a 1 x 7 cm column) was applied to the antiapo A-I-Sepharose column and washed with 0.015 M Tris/ saline, pH 7.4 (5°C), until there was no longer any detectable absorption at 280 nm in the eluate ("1.5 hr). The elution buffer was then changed to 1 M acetic acid (pH 3.0), and the apo A-I-containing particles were captured in the eluate. The eluate was immediately neutralized to pH 7.0 by the afidition of 2.0 M Tris. Serum Samples. Serum was prepared from samples of blood from three healthy individuals. The blood was allowed to clot for 30 min at 23°C. The serum was recovered by centrifugation for 15 x 103 gavg min. Azide, EDTA, and gentamycin were added to final concentrations of 2.0 ,ug/ml, 0.01 mM, and 5.0 ,g/ml, respectively, as preservatives. The serum was used immediately in the isolation procedure. For comparison, the centrifuged HDL were isolated by sequential flotation (17) with the same preservatives in the medium. To determine whether HDL were being modified in vitro Abbreviations: HDL, high density lipoproteins; apo A-I and apo A-II, apolipoprotein A-I and A-II. tTo whom all reprint requests should be addressed.
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Proc. NatL Acad Sci. USA 81 (1984) 1357 during the course of the isolation process, a comparison was made of serum, plasma, and plasma containing 1.4 mM 5,5'-dithiobis(2-nitrobenzoic acid) all from a single individual. No differences were found in the patterns of HDL subspecies as assessed by electrophoresis in a nondenaturing buffer system (18, 19) .
Analysis of Isolated Samples. The chemical compositions of the centrifugally isolated HDL and the apo A-I-containing particles were determined as follows: the protein content was measured by a modification of the Lowry method (20) , which corrects for differences in chromogenicity between apo HDL and the bovine serum albumin standard based on the aminoacyl mass of purified apo HDL and the standard. The triglyceride content was measured by the Carlson method (21) , and the phospholipid content was measured as described by Stewart and Hendry (22) . Free and esterified cholesterol were measured by an enzymatic method employing fluorometry (23) .
The apoprotein compositions of the samples were assessed by electrophoresis in polyacrylamide gel containing 8 M urea and by isoelectric focusing (24, 25) . The apo A-I and apo A-II contents of the samples were measured both by radioimmunoassay (26) and by nephelometry with a Beckman ICS analyzer II (27) . Double immunodiffusion was used to test for contamination of the apo A-I-containing particles by other serum proteins. Antisera directed against human albumin, IgG, a2-macroglobulin, haptoglobin, transferrin, and a1-glycoprotein were serially diluted and tested for crossreactivity against immunosorbed apo A-I-containing particles, concentrated to the original serum volumes.
To visualize HDL subspecies, the isolated lipoproteins were analyzed by the polyacrylamide gel electrophoresis method of Utermann (18), which does not use denaturing buffer systems. The gels were stained with Coomassie blue after electrophoresis (25) .
Determination of Particle Size. Lipoprotein particles were stained negatively with 2% potassium phosphotungstate (28). The distribution of particle diameters (28) was determined from electron photomicrographs at a magnification of 180,000 by a semiautomated method, utilizing a magnetic digitizer. Three points were marked on the circumference of each of 200 particles. Diameters were calculated by computer and programmed for a three-point geometric algorithm.
RESULTS
Performance of the Anti-apo A-I Column. Human serum applied to the anti-apo A-I-Sepharose column emerged in two fractions (Fig. 1) . The bulk of the serum protein passed directly through the column, and a second peak of retained protein was eluted when the buffer was changed to 1 M acetic acid. The elution of serum cholesterol paralleled the elution of protein. Most of the cholesterol passed through the column with the first protein peak, and the remainder coeluted with the second protein peak; 98.3% of the cholesterol applied to the column was recovered in these two fractions (Table 1 ). In contrast, apo A-I was found only in the retained protein fraction. Greater than 90% of the apo A-I applied to the column was recovered in the retained protein peak, the immunosorbed particles (Table 1) . Also, all of the apo A-II applied to the anti-apo A-I column was recovered in the apo A-I eluate. The apo A-I eluate did not contain detectable albumin, transferrin, y-immunoglobulin, a-macroglobulin, haptoglobin, or a-glycoprotein when analyzed by immunodiffusion.
Analysis of Immunosorbed apo A-I-Containing Particles. In some respects, the apo A-I-containing particles isolated by immunoaffinity chromatography were similar to centrifugally isolated HDL. Both the immunosorbed particles and the centrifugally isolated HDL appeared to be spherical when viewed by electron microscopy (Fig. 2) . Both contained apo A-I and apo A-Il as their major apoproteins (Figs. 4 and 5) , and they had similar but not identical chemical compositions (Table 2) .
However, in other respects the immunosorbed particles differed significantly from centrifugally isolated HDL. They were more polydisperse in diameter (Figs. 2 and 3 ), and they contained more protein: 65% compared to 54% of the total mass ( Table 2 ). The immunosorbed particles contained minor apoproteins that were unobservable in centrifugally isolated HDL (Figs. 4 and 5) . They also contained slightly more triglyceride (Table 2) than did their ultracentrifuged counterparts.
The most striking difference between the immunosorbed particles and ultracentrifuged HDL was the migration pattern of the samples when resolved by polyacrylamide gel electrophoresis under nondenaturing buffer conditions. The pattern of the immunosorbed particles resembled the pattern of prestained serum, with several discrete bands representing the apparent subspecies of HDL (Fig. 6 ). The pattern of centrifuged HDL, on the other hand, contained a pair of broad, ill-defined zones. The differences in banding patterns between the gels containing the immunosorbed apo A-I particles and whole serum can be explained by the different stains used in the two gels. Because of the presence of non-HDL protein in whole serum, the HDL could only be discerned by using a lipophilic stain that also appeared to bind to albumin to a limited extent (unpublished results). Because contaminating proteins were removed from the immunosorbed apo A-I particles, a stain detecting the particles' protein moiety could be used. This permits better resolution and more permanent staining.
DISCUSSION
Through the use of selected-affinity immunosorption, we have quantitatively isolated apo A-I-containing particles directly from human serum. The antibodies were selected to dissociate from apo A-I under elution conditions minimally perturbing to HDL. The apo A-I-containing particles were isolated from serum without detectable contamination by other serum proteins. Practically all of the apo A-I and the apo A-II applied to the column was recovered when the immunosorbed, apo A-I-containing particles were eluted, an observation that agrees with previously published results that all of apo A-II is associated with apo A-I in HDL (15, 16) . Because no preincubation with serum was required and the column was cleared of material after every elution, there could be no exchange of material with particles from previous column passes. Apparently because of the mild elution procedure, the column's apo A-I binding capacity has not diminished in 300 elutions. With our technique, we can isolate apo A-I-containing particles as quickly as with any presently used method, without apparent disruption of the particles.
The immunosorbed particles have many features in common with centrifuged HDL. Both appear to be spherical when examined by electron microscopy using negative staining with phosphotungstate, and they also contain apo A-I and apo A-II as their major protein moieties. Their chemical compositions are similar but not identical.
However, there are distinct differences between the immunosorbed apo A-I-containing particles and ultracentrifugally isolated HDL that indicate a retention of features of HDL that are lost during ultracentrifugation. The immunosorbed particles have a higher content of protein and contain The most striking difference between the immunosorbed particles and the ultracentrifuged HDL is their migration in nondenaturing polyacrylamide gels (18, 19) . The apo A-Icontaining particles form a pattern of discrete bands, closely resembling the pattern of prestained serum HDL, in contrast to the broad featureless zone observed with ultracentrifuged HDL. These discrete bands suggest that HDL are not a continuum of constantly equilibrating complexes but are a collection of particles that have relatively defined lipid and apoprotein compositions, forming different subspecies. Ultracentrifugation appears to disrupt these subspecies.
Our modification of immunoaffinity chromatography, selected-affinity immunosorption, using preselected antibodies can be a powerful tool for isolation of intact apo A-Icontaining particles from serum or plasma. Sufficient quantities of apo A-I-containing lipoproteins can be prepared by this technique to permit the isolation and characterization of the subspecies that apparently are present in serum. Such studies could then lead to identification of specific metabolic roles for these complexes.
There are a number of complex particles from biological sources in which the constituent molecules are joined by noncovalent forces. These complexes may be disrupted during purification by commonly used laboratory procedures. The principle of selected-affinity immunosorption may find wide utility in the isolation of such complexes, because it permits the use of antibodies of high affinity, but ones that dissociate under preselected conditions, chosen to be minimally perturbing to the complexes. J.P.M. was supported by a grant from the Sarnoff Endowment for Cardiovascular Science, and S.T.K. was supported by a grant from the Bank of America-Giannini Foundation. This research was supported by National Institutes of Health Grant HL 14237 Arteriosclerosis SCOR.
